Apical periodontitis, the inflammation of periapical tissue, commonly requires root canal treatment to achieve apical healing. However, if it is accompanied by pulp canal calcification, the treatment becomes complicated, and locating the root canal can be challenging. This case report describes a novel approach for treating a molar with pulp canal calcification and apical pathology. Due to the risk of perforation during treatment, a digitally printed template was used to assist in accurately locating the root canal. After six months, the patient was asymptomatic and the periradicular radiolucency was gradually reducing in size.
Introduction
Apical periodontitis may occur following pulpitis due to the infective process progressing from the root canal to the apical area (1) . Root canal treatment is regarded as the main approach for achieving apical healing by shaping and disinfecting the root canal system to control and eliminate the microbiota (2) .
Unfortunately, root canal calcification may hamper access and thus complicate root canal treatment (3) . Dentinogenesis deposition and blood circulatory disorders (4) of the pulp contribute to calcification, which is commonly associated with injuries to the teeth such as caries (5, 6) , trauma (7) and certain iatrogenic events (8) .
Although not every case of calcification requires therapy, inflammation must be controlled if calcification occurs in conjunction with apical pathology.
Calcification usually begins from the coronal portion of the root canal system and then extends apically. Historically, dentists have had to locate canal(s) essentially in a 'tactile' manner. However, the development of instruments has helped improve treatment modality (9, 10) . Microscopy enhances visibility of the pulp cavity and some auxiliary tools, such as the microprobe DG16 and ultrasonic tips, facilitate finding the root canal orifice with a microscope.
Another diagnostic tool is cone beam computed tomography (CBCT), which presents a more accurate 3D visualisation of both hard and soft tissues, providing dentists further data to generate a 'direct view' impression.
Although the instruments described above do contribute to improving treatment outcome, perforation and excessive weakening of the tooth structure are still critical factors that may impact upon the long-term prognosis and even result in the loss of the affected tooth.
This case report describes a planned and guided root canal treatment of a molar with pulp canal calcification and apical pathology.
Case report
A 29-year-old woman was transferred from a private dental clinic to our department with a history of pulp canal calcification during endodontic treatment of the mandibular right first molar.
Clinical examination revealed an occlusal restoration. The tooth was tender to percussion and non-responsive to thermal and electrical pulp testing. Mobility was normal, and the probing depths at all sites were ≤3 mm. Following removal of the restoration, it was found that the floor of the pulp chamber was intact but contained significant amounts of debris, with no obvious root canal orifice discernible under the microscope (G6, Global Surgical Corporation, Saint Louis, MO, USA). A CBCT (i-CAT 17-19, Imaging Sciences International, Hatfield, PA, USA) was taken to obtain a three-dimensional view of the apical radiolucency and the obliterated root canals (Fig. 1) .
For additional guidance, the access cavity was temporarily filled and a 3D printed template was planned.
CBCT datasets were uploaded into a virtual implant planning software (3 matic 9.0, Materialise, Belgium). An intra-oral scan (CEREC AC, Sirona Dental Systems, Bensheim, Germany) was performed, and the datasets were uploaded into the same software to achieve a structural match. The root canal location, length and orientation were analysed based on these datasets (Figs 2a and b) . Ultrasonic tips (ET20 and ET25, SATELEC, ACTEON, France) were selected as drilling tools and virtually superimposed along the designated root canal pathway. After confirming access, a virtual template was projected using software (ZBursh, Pixologic Inc, Los Angeles, CA, USA), including a guiding hole with a diameter of 1.20 mm to match the size of the ultrasonic tips (Figs 2c and d) .
The design scheme was exported as an STL file and imported into a 3D printer (3510SD, 3D system Corporation, Rock Hills, SC, USA). Printing slice thickness was 0.05 mm, and printing speed was set at 0.33 mm per hour. A printed 3D template to guide the endodontic treatment was fabricated using a UV-curable plastic (VisiJet M3, 3Dsystem, USA). Before treatment, the template was positioned on the right mandibular teeth, and its fit was confirmed (Figs 3a and b ). An ultrasonic tip ET20 was used to penetrate the coronal portion of the root canal, and subsequently, another tip ET25 was used to reach the apical target point. With each 1 mm gained in depth, a size 10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was used to assess whether the root canal could be negotiated. Eventually, two distal and two mesial root canals were found during probing (Figs 3c  and d) , although only one distal root canal was analysed and designed based on the previous anatomy shown via CBCT.
The working lengths were determined utilising an apex locator (Raypex 6, VDW, Munich, Germany) and conventional radiography. The root canals were prepared using an endodontics rotary instrumentation system (Mtwo, VDW, Munich, Germany) up to a 25/.06 file, and they were then obturated with vertically condensed gutta-percha and a syringe sealer (AH plus, Dentsply DeTrey, Konstanz, Germany) (Fig. 3e) . Finally, a CAD/CAM overlay was performed to restore the crown and stabilise the occlusion (Fig. 4) .
Six months after the treatment, the patient was asymptomatic while radiographically the periradicular radiolucency was gradually reducing in size (Fig. 3f) .
Discussion
This case report presents a novel clinical approach for a tooth with pulp canal calcification and apical pathology using a guiding template in conjunction with CBCT, microscopy and ultrasonic tools.
The incidence rate of calcification and the necessity of preserving natural teeth in elderly patients are increasing over time (11, 12) . However, this situation can be associated with an unpredictable prognosis that is regarded as difficult, even for experienced operators.
Along with the development of digital dentistry, 3D technology has been gradually applied in endodontic procedures, such as treating dental malformations (13, 14) , complicated root canal systems (15) and in surgical endodontics (16) . A recent study using templates for estimating the accuracy of guided endodontics in vitro reported the mean deviation of planning and preparation ranged from 0.16 to 0.21 mm for different aspects (17) . The template integrated the experience of dentists and the analysis of CBCT visualisation, resulting in a successful practical operation. Following the guiding template, unnecessary loss of tooth structure was achieved and perforation avoided. To date, this approach has been restricted to anterior teeth due to rectilinear access (18) . In contrast, molars tend to have roots with greater curvature and more variation. However, in the present study, the molar exhibited anatomy suited to the guided approach.
CBCT has become an important auxiliary method associated with thorough preoperative planning. Occasionally, CBCT findings may be inconsistent with clinical presentation -CBCT images here disclosed a single distal root canal. However, following access, two distal root canals were identified. Thus, with each 1 mm gained in depth, assessing the canal using a size 10 K-file was indispensable.
A gap between the ultrasonic tip and hole at the initial site of drilling was inevitable due to the inconsistent fit between the drill and guiding hole. The ET20 tip, with a larger diameter, was utilised initially, which helped minimise the size of the gap and therefore was more accurate. The ET25, a smaller diameter tip, was then used. Following the path of the ET20, the template not only decreased the deviation at a certain depth but also avoided unnecessary loss of tooth structure. The ET20 and ET25 may be more suitable for use in molars. Inconsistencies of the software (almost 0.05 mm) and printing (almost 0.025 mm) also contributed to some inaccuracies.
Burs with a smaller head and a longer shaft would be appropriate for guided endodontics. Specialised equipment and design software are needed to improve template-planning, fabrication and reduce costs.
Conclusions
Guided endodontics appears to be a safe and clinically useful method for treating teeth with pulp canal calcification and apical pathology. The use of 3D printed templates may facilitate the localisation of the canal and allow for a more predicable approach. for the International Cooperation from the Science and Technology Planning Project, Guangdong Province, China (No. 610277164093).
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